In an attempt to develop structural characterisation of polymers from fluorinated acrylic derivatives, a detailed 13 C NMR analysis of free radical and anionic poly(2,2,2-trifluoroethyl methacrylate) (poly(TFEM)) was performed as compared to relevant literature studies concerning the corresponding methyl methacrylate (MMA) polymers. On the other side, the moderately syndiotactic microstructure of the poly(TFEM) samples fits very well with that of corresponding poly(MMA) samples and can be interpreted on the basis of the same statistical distribution of triads. Thus it appears that the presence of the -CHr--CF 3 group does not affect in a determining way the stereochemistry of the polymerization. According to this final statement, anionic initiators give prevailingly isotactic poly(TFEM) as detected by 13 C NMR.
Polymers of fluorinated acrylic derivatives have acquired an increasing interest for high performance coating applications. Indeed these materials combine the good film-forming characteristics of acrylic polymers, with excellent optical properties, improved outdoor stability, 1 -4 low refractive index and surface tension. 5 In particular they are used for several advanced applications as clad for optical fibers, 6 in microlithography, 7 as heat-resistant optical materials, 8 for protecting surfaces particularly against humidity 9 and so on. 10 The rapid development arising from the above interest was not flanked by an adequate fundamental characterization as far as NMR studies are concerned. Indeed there are only few reports concerning 1 H, 13 C, and 19 F NMR data of poly(methyl a-fluoroacrylate) 1 • 11 and 1 H NMR spectra of 2,2,2-trifluoroethyl methacrylate 12 -1 3; recently the 19 F NMR spectra of some poly(fluoroalkyl a-fluoroacrylate )s were also reported. 14 In order to contribute further this last aspect we report here about a detailed investigation by 13 C NMR of poly(2,2,2-trifluoroethyl methacrylate) [poly(TFEM)] samples prepared by free radical and anionic initiators. This work had the two-fold objective of correlating spectral features with structural aspects and to check possible effects of the -CF 3 group in the side chain on polymerization stereochemistry.
EXPERIMENTAL
The free radical polymer of TFEM was obtained by polymerization at 65°C in dioxane (50 ml), using 10 g of monomer and 0.4 g of IX,IX'-azobisisobutyronitrile (AIBN) as initiator. The reaction was carried out for 132 h. The polymer was isolated by precipitation with n-hexane. 1 g of monomer, 5 ml of toluene, and IO mg of lithium tert-butoxide as initiator were used for the anionic polymerization of the TFEM. The reaction was carried out at -20°C for 7 days. The polymer was isolated from the polymerization mixture by precipitation with benzene. 13 C NMR spectra were obtained at 25°C on CDC1 3 solutions using 5 mm inner diameter tubes. A Varian Gemini 200 spectrometer (50.3 MHz 13 C, pulse angle 70°, acquisition time 0.4 s, interval between pulses 2 s, spectral width 15000 Hz, number of scans 45000 and 67000) was used under conditions of full proton decoupling. Chemical shifts were measured with respect to the resonance of CDC1 3 , which was taken as 77 .0 ppm downfield from tetramethylsilane (TMS). (Table I) .
The triads concentration for syndiotactic (rr), heterotactic (mr), and isotactic (mm) sequences can be evaluated by numerical integration of the resonances lines from (CH 3 )1X, CIX, and C = 0. The resulting values are very close to those observed for poly-(MMA) prepared under the same conditions (Table II) . Indeed both polymers are mainly syndiotactic (about 56% rr triads). By using CIX signals it is possible to calculate some 13 C NMR spectrum of free radical poly(2,2,2-trifluoroethyl methacrylate). In case of the C = 0 (Figure 2 ) pen tads Figure 2 . Expansion of the carbonyl region of 13 C NMR spectrum of free radical poly(TFEM). concentrations (Table III) are also very similar for the two polymers confirming that the free radical propagation stereochemistry is substantially the same with -COOCH 3 or -COOCH 2 CF 3 side chains. The resolution achieved in the carbonyl region of the 13 C NMR spectrum of radical poly(TFEM) (Figure 2 ) allows assignment of each peak to the rr-centred related heptads (Table III) again with reference to poly(MMA). 16 • 17 Polym. J., Vol. 26, No. 10, 1994 In any case the close similarity between TFEM and MMA polymerization stereochemistry during free radical chain propagation suggests similar interactions between incoming monomer and last inserted monomeric unit side chains. This would imply that the replacement of a H-atom of MMA with a CF 3 group in TFEM does not seem to affect these interactions in spite the change of polarity involved.
C NMR Features of Anionic Poly(TFEMA)
The same groups of signals as in the radical poly(TFEM) spectrum was observed for the anionic polymer, but the relative intensities of each group were different. Figure 3 shows the spectrum expansion of the ranges I and II (CH 3 )cx and Ccx, respectively) ( Table I) for both polymers. The expansion of the carbonyl region shows three groups of signals, but in this case only the triad assignment was possible.
The anionic polymerization ofmethacrylates can give polymers with a wide range of stereoregularity. 18 The utilization of the lithium tertiary alkoxides such as lithium tert-butoxide as initiator and nonpolar solvents gives highly isotactic polymers. 19 The moderate isotacticity of the present sample is reported with the fact that it was possible to examine only the chloroform soluble fraction. The 1122 insoluble material can be expected to be much more isotactic. In any case the differences observed were large enough, confirming a similar assignment as for poly(MMA). Accordingly the comparison of the spectra suggests that the anionic polymer is predominantly isotactic (mm=0.590, mr=0.258, rr=0 .152, Pm=0.768, and Pr=0.391).
It is of interest to note that isotactic mechanism had been proposed for the anionic polymerization of TFEM in the presence of Li Zn C 4 H 9 (C 2 H 5 ) 2 on the basis of the narrower peaks related to ex-methyl protons even if it was stated 12 that the 1 H NMR spectra of the polymers prepared by anionic or free radical initiators are almost identical. In this connection 13 C NMR is much more effective for detecting stereochemical differences.
CONCLUDING REMARKS
13 C NMR investigation of free radical and anionic polymers from 2,2,2-trifluoroethyl metacrylate was carried out. The presence of fluorinated methyl in the side chains provides fully resolved spectra, all the five C-atoms of the monomeric units giving characteristic resonance in well separated spectral regions allowing assignment of triads peaks for (CH 3 )oc and Coe carbons, and up to heptads for the carbonyl carbons. The relative concentrations of the different microtacticity sequences of the free radical polymer are very similar to those of poly(MMA) and can be adequately described with bernoullian statistics (Pm= 0.25, P,=0.75) even if it is of interest to note that the stereochemical distribution can be also described with a first order Markow (P m/m = 0.248, P, 1 , = 0. 752) statistics. The polymer obtained by anionic polymerization by lithium tert-butoxide in hydrocarbon solvent shows as detectable from 13 C NMR spectrum a substantial increase of tacticity with respect to the free radical sample. The comparison with poly(MMA) samples and the initiator used suggest that this anionic polymers is mainly isotactic thus confirming the same stereochemical behavior as for methyl methacrylate even with this last propagation mechanism.
